Objective: To present the results of the statistical working group of the EFCOSUM project on estimating the minimum sample size for a pan-European dietary survey. Background and methods: Numerous statistical issues are involved when planning a nutritional survey aimed at evaluating various indicators, especially if it will be carried out in different countries. The plenary workshop of the EFCOSUM project has chosen four relevant statistical topics: the sample size estimation for dietary surveys, the number of repeated measurements needed to estimate usual intake for each individual; the statistical presentation of data; and the statistical procedures for estimating the usual intake distribution from a limited number of days of observation. This article deals with the first three topics mentioned. The participants of the EFCOSUM project answered a small questionnaire in order to get agreement on the method of estimating a minimum sample size in the context of a monitoring of dietary indicators. Data on the variability of dietary indicators of interest was also collected, in order to calculate a minimum sample size. Results and conclusion: The main result was that a minimum sample size of 2000 adults in each European country will be needed in order to identify trends in the mean intake of the most relevant foods and nutrients in Europe. This sample size should be higher if trends have to be indentified for socio-demographic subgroups.
Introduction
Several statistical issues are to be tackled in planning multipurposes food intake assessment studies at population level (Steingrímsdó ttir et al, 2002; Ovesen & Boeing, 2002) . This is especially the case within the framework of harmonization amongst different countries bearing in mind that various situations can occur with regard to population structure and administrative organization. The choice of the most suitable survey method to investigate the phenomenon in the fixed context (Biró et al, 2002 ) and the quality of the estimates of the intakes, depend on two types of errors: the measurement errors or biases and the random errors linked to the variance of statistical estimates.
The measurement errors depend on the accuracy of the reported intakes by the subject or the interviewer and the detection of misreporting and especially underreporting (Goldberg et al, 1991; Black, 2000) . Biases in national representative dietary surveys can also be linked to non ignorable non-respondents (Beaumont, 2000) . Diets of non-respondents can be different from those of respondents. Measurement errors can also be limited in controlling missing or undefined data (Turrini, 2000a,b) . This is related to the description of foods and to the procedures to code and aggregate single food items . The development of suitable data check procedures is necessary to make collected data available to the statistical analysis and to the link with composition data (Slimani & Valsta, 2002) . Additionally, estimates of trends require to pay attention to conducting surveys with the same methodological approach at regular time intervals. Finally, the definition of the population to be studied has to be comparable between countries to avoid biases.
The random errors depend on the survey design, stratification and multi-stage sampling, the type of sampling procedure , the sample size and finally on the choice of the statistical estimator or model (maximum likelihood, best linear unbiased estimator). In this paper, we are mainly dealing with the optimization of the random errors. We try to estimate a minimal sample size in the context of a pan-European dietary survey that will have to monitor several mean intakes in nationally representative surveys in a comparable way: fruit and vegetables, calcium, total fat and saturated fat.
Methods
A working group of the project included epidemiologists and statisticians. The four relevant statistical topics decided by the plenary workshop were discussed in this group: the sample size estimation for dietary surveys; the number of repeated measurements needed to estimate usual intake for each individual; the statistical presentation of data; and the statistical procedures for estimating the usual intake distribution from a limited number of days of observation. A short questionnaire was built and sent to all EFCOSUM participants. Participants from 20 countries answered the questionnaire. In the first part of the questionnaire, seven questions were asked on the methods of estimating a minimum sample size. In the second part of the questionnaire, standard deviations were collected for the main dietary indicators chosen by the other working groups of the project: total energy; calcium; total fat; fat as percentage of energy; and fruit and vegetable intake. These data came from past national dietary surveys. The main statistical characteristics of these surveys were also asked: size and sampling plan.
Sample size estimation, principles
The estimation of the sample size is always an essential step in the planning of a sample survey. In order to avoid too large a sample and unnecessary expenses, the estimation of the sample size is often the estimation of a minimum sample size necessary to achieve a precise goal. There are two main preliminary choices in the determination of the sample size: the choice of the parameter or item to be estimated and the specification of the precision desired.
Mostly, the parameter to be estimated is a mean or a proportion, for example a mean intake of a nutrient or a food or a proportion of consumers. In the major books on sampling (Hansen et al, 1953; Cochran, 1977) these two cases are described. The choice of the parameters of interest and of the desired precision allows the calculation of the sample size. The choice of means or proportions as parameters of interest (instead of percentiles for instance) makes the calculation of the sample size easier because of the binomial or normal distribution according to the central limit theorem ( Joliffe, 1995) .
Very often, several different parameters are to be estimated which leads to as many desired sample sizes as there are different parameters to be estimated. Two cases are possible: the estimated sample sizes for each parameter are not very different from one another and the largest one can be chosen; or the sample sizes needed for some parameters are very different and the choice might be made to accept a lower precision for some parameters (for instance for a mean intake of a micronutrient). Parameters of interest other than means or proportions can be chosen. In clinical trials for example, the aim is to test a difference between groups. The result of the test is the parameter of interest and the power of the test, ie one minus the probability of the type II error (not to refuse the null hypothesis, although in reality it is false) gives the desired precision of the test and determines the sample size (Bailar & Mosteller, 1992) .
In the case of nationally representative dietary survey, the participants of the project agreed that the sample size should be estimated for a set of dietary indicators for which the same precision was desired. Concerning the estimation of a mean or a proportion, the determination of the sample size necessary to achieve a predetermined precision is linked to the variance of the estimator in the whole population.
In the case of the mean estimate, one can wish to get either a relative error (eg AE10%) or an absolute error (eg AE1 mg for a nutrient intake) with a confidence level of 0.05. The participants of the EFCOSUM project did not recommend chosing systematically a relative error or an absolute one.
When the sampling rate is small, which is the case for national dietary surveys, the sample size does not depend on the size of the population. If we choose a relative error, the sample size is linked to the coefficient of variation CV.
where CV is the coefficient of variation for the real population, zðaÞ the value of the normal deviation (Z-score) corresponding to the a probability and r the relative error accepted (eg 10%). If we choose an absolute error, the sample size is linked to the variance S 2 :
where S 2 is the variance for the real population, and ZðaÞ the value of the normal deviation (Z-score) corresponding to the a probability and a the absolute error accepted (eg 1 mg).
Very often, the sample is not a simple random one. For instance, there are often two sampling units: the household and the individuals within the household. In this case, we have to take into account the design effect of the plan (Kish, 1965) . In the case of a European dietary survey, there will necessarily be a stratification of the sample by countries. We will have to determine the optimum allocation of the sample in the various strata or countries. When the cost of the survey per individual is the same in each country, the classic allocation of the sample for a country is proportional to the product of the population size, N i , by the standard deviation of the interest variable S i , for the same country. It is called the Neyman allocation (Neyman, 1934) :
where n i is the size of the sample for the country i.
Statistical aspects of food intake assessment JL Volatier et al
Other allocations can be chosen with other criteria, for instance, the minimum sample size for each country to allow detailed statistical analyses country by country. These different options were presented to the EFCOSUM participants.
When discussing a surveillance or monitoring system, the determination of the precision desired depends on the anticipated trends of the parameters (mean intakes, proportion of consumers) and on the time period between two surveys. If a new dietary survey took place on a European level, we would need the following information to estimate the sample sizes:
the list of parameters of interest (mean intakes of food groups, nutrients, rates of consumers of food groups); the expected values of these parameters; the coefficient of variation or the standard deviation of these variables in previous comparable studies (for instance in previous 24 h recall if the new project is a 24 h recall); the anticipated (or previous) trends of these variables, the time period between two surveys; the definition of the sampling method and the identification of a design effect (cluster sampling, stratification); a choice of the method used for the optimal allocation of the sample size between countries (Neyman allocation, other).
Results of the questionnaire to estimate the sample size needed in the case of a new pan-European dietary survey for adults
The EFCOSUM working group on statistics sent a questionnaire to the EFCOSUM participants in order to estimate sample sizes for different countries. This questionnaire was divided in two parts. In the first part, opinions on the method to estimate a sample size were asked to the participants. In the second part, data on variance and CVs of nutritional parameters were gathered to estimate sample sizes (EFCOSUM report, annex F; the questionnaire is in the Appendix). Participants from 20 countries answered the questionnaire. Regarding the method to be used to estimate the sample size the majority of the EFCOSUM participants were of the opinion that: the calculation of sample size should be based on the desired precision of parameters of interest and on the minimal number of people in some socio-demographic groups; the desired precision should be expressed in relative and absolute values; the sample size should be preferably a minimum size for each country with an additional part proportional to the size of the country or to the s.d. of the parameter of interest in each country; in half of the countries, a design effect has to be taken into account (stratification, cluster sampling).
Because of these answers, formula (1) was used to calculate a minimum sample size. The Neyman allocation was not chosen. The sample size calculations took into account the variability of the intakes but not the design effects. This indicates a minimum sample size of 1000 adults for fat and calcium intake and of 2000 adults for fruit and vegetable intake for a desired precision of 5%. The sample size needed increases considerably for a desired precision of 2% (up to 7000 adults for fat and calcium and 20 000 adults for fruit and vegetables).
For fat and calcium, the sample size needed depends on the survey methodology: it is lower for the surveys based on records. This can be explained by the precision of this type of survey or by the reduction of the intra-individual variance according to the survey duration (EFCOSUM Group, 2001) .
For fruit and vegetable intakes, the sample size needed does not depend on the type of survey. It varies between 1000 and 4000 adults according to the different countries with a median value of 2000. These broad differences between countries can be explained by the variability of food patterns among European countries: the between-individual variability of fruit and vegetable intake is higher in some countries than in others. In conclusion, a minimum sample size of 2000 adults in each European country seems to be reasonable in order to identify trends of food and nutrient intakes. Existing surveys show that changes of nutrient intake of an order of magnitude of 5% can exist in intervals of 4 or 5 y (Voedingscentrum, 1998; Volatier, 2000) .
Number of repeated measurements
Intra-individual variability represents the major problem in analysing the distribution of food and food component intakes. On the other hand, it is the inherent aspect of 'usual intake' that habitually varies day by day for each individual. The problem is to capture daily variability to gather all consumed foods (and consequently nutrients and other food components) while estimating the variability between subjects (intakes distribution). In fact, 1 day recall does not give correct data on normal food consumption of the individual, since the menu of the recall day may be atypical and have too great an effect on the results. When the sample is large enough, chance errors like this (rarely consumed foods) are levelled out and the method gives fairly reliable data on the food consumption of the whole group. The 1 day recall is most profitable when the sample is large and the diet relatively monotonous. If the diet is varied and weekly variations are large, a 1 week recall survey is not sufficient to provide reliable data on the normal food consumption (Pekkarinen, 1970) .
In the design of large surveys, cost considerations are to be included in deciding the procedure. In practice, the costs can be reduced in two ways: increasing the number of subjects in the dietary survey, or taking the average of multiple reference measurements per subject. Beaton et al (1979) suggested using Statistical aspects of food intake assessment JL Volatier et al
where k is the most effective number of repeated interviews, R is the ratio of intra-to intervariation coefficients, C 1 is the cost of recruiting a new subject into the study and C 2 is the cost of conducting and analysing a single dietary interview for a subject included in the study. For a good estimation of habitual dietary intake a single 24 h recall does not give sufficient data. The required number of days to classify 80% of the population into tertiles of nutrient intake is shown in Table 1 . The table shows that at least three 24 h recalls are required (Karkeck, 1987) . Nelson et al (1989) suggest that the number of days needed to rank dietary intake with desired precision is much higher. Beaton et al (1979) have provided a simple formula that may be rearranged to calculate the number of days needed to estimate a person's true intake with a specified degree of error 95% of the time:
where k is the number of days needed per person; CV w is the within-person coefficient of variation and r ¼ the relative error accepted. Using such calculations, Willett assessed the number of days needed to estimate a person's nutrient intake to lie within 40% of the true mean intake 95% of the time. This was calculated for total fat, cholesterol, sucrose and vitamin A. The values range from 4 (total fat) to 26 (vitamin A) for unadjusted nutrients and from 1 (total fat) to 26 (vitamin A) for energy-adjusted nutrients (Willett, 1998) . As can be appreciated, the days needed differ greatly for various nutrients.
Because of the practical impossibility of conducting such a large number of interviews, other considerations must be taken into account in choosing the number of repetitions. The subgroup for usual intake estimate suggests that only a small number of replicate measures for the 24 h recall are needed to remove the effects of within-person variation (Hoffmann et al, 2002) . To estimate the within-person variation, the number k of daily measurements per individual must be at least 2. From the statistical point of view the number k of replications and the number n of individuals should be chosen in such a manner that the confidence intervals for the percentiles are as small as possible. Since the length of such an interval decreases if n increases whereas the length is not systematically influenced by a change of k, the best choice of k is 2 by simultaneously maximizing the sample size n (Willett, 1998) . In the case of a surveillance system, the need to well classify a person according to his intake is not the same as for an epidemiological study with analytical purposes.
Non-respondents
The topic of non-respondents is described in De Henauw et al (2002) . From a statistical point of view some recommendations can be given on how to cope with non-respondents. Post-stratification, eg the attribution of weights to respondents based on characteristics (age, gender, SES, region) should only be used when the response rates are not very different among subgroups. The weight variability should be limited. Non-response might also be handled in the prestratification by replacement of ineligible persons within the same strata. Other options are to re-interview a small subsample of non-respondents (Hansen, 1953) or to get some information about non-respondents (region etc). For more information see De Henauw et al (2002) .
Statistical analysis topics, general principles
Statistical analyses concern estimation of the parameters of the distributions related to food groups and nutrient intakes. These values can be estimated in a descriptive way, using the classical Horvitz -Thompson estimator. They can also be estimated with a parametric or semi-parametric statistical model to estimate the usual intake, like discussed in another paper (Hoffmann et al, 2002) . The estimation of confidence intervals relies on the calculation of the variance of the estimates taking into account the design effects: multistage sampling and stratification. In some cases (estimation of quantiles with a complex sampling plan), this calculation can be done more easily with a non-parametric method like the bootstrap.
Measurement of time trends
Changes in dietary intake over time (within a country) can be assessed by examining two or more surveys conducted at different times. Ideally, differences in measurement procedures should be avoided. The goal to replicate data collection procedures, however, conflicts with the goal of improving the estimates of a new survey. Although within the EFCO-SUM project the protocol is conducive to standardization, when considering changes in nutrient intake over time one should be aware of changes in the composition of foods. Changes in the nutrient database can be caused by real changes in the composition of a product but also by artificial changes. Real changes may represent differences from Statistical aspects of food intake assessment JL Volatier et al reformulations by manufacturers, or agricultural (ie breeding) or food processing changes. Artificial changes may reflect improved knowledge regarding the composition of a food, such as improvements in the analytical techniques, better sampling methods, more analyses of a specific food or information on previously unknown nutrient values. Then it is important to correct the earlier food composition estimates so that they accurately reflect the composition of foods at the time they were consumed (Guenther et al, 1994; Popkin et al, 1996 , Beemster et al, 2000 .
Presentation of the results

General principles
The presentation of the results represents the last issue to be discussed. This aspect is important because a well-conducted study could be misinterpreted if the presentation does not correspond to clarity criteria. Some features are to be defined as the level in aggregating foods, the main population groups and the number of statistics necessary to provide the description of the intake distributions.
Descriptive statistics
Descriptive statistics should be corrected for the intra-individual variability of intakes. To avoid misinterpretation, use of mean, standard error of the mean or confidence intervals and proportion of consumers on 1 day are recommended. Furthermore, for data from the new pan-European survey, based on 2 days, parameters of interest are: mean, median, quartiles, P5 and P95.
Population groups
The existing surveys differ in the age -gender groups included in the survey. Furthermore, even where comparable age ranges are included, the data presentation varies among surveys as to the age -gender groups. The last aspect can be standardized relatively easily, whereas age group classification should be based on relevant differences in risk. For nutrients, the classification is mostly related to the requirements and thereby the recommended dietary allowances. The age -gender groups in these allowances are not always the same as shown by the examples in Table 2 . To allow smaller surveys to present the data according to standardized age -gender groups it is necessary to keep the number of groups as small as possible. Therefore, it is suggested to start with the total sample and thereafter use the categorization of the European Commission.
Conclusions
Statistical aspects to be considered in food intake assessment are numerous. This paper presents the most important aspects discussed in the statistical working group of the EFCOSUM project. This paper highlights that there are both very practical and more theoretical issues. One of the main interests of this project is to encourage cooperation between statisticians epidemiologists and nutritionists involved in national dietary survey of European countries.
All the statistical work and discussion of this working group were done in reference of the implementation of a new European food survey system. However, special attention should be paid to the possibility of using existing national dietary surveys to compare intakes between countries (Verger et al, 2002) . Several statistical issues discussed in this paper can also be considered in this context.
It is concluded that a minimum sample size of 2000 adults in each European country is reasonable to identify the intake of selected nutrients and food groups. As it is discussed here and more in depth by Hoffmann et al (2002) , a minimum of two 24 h recalls as well as a short questionnaire to determine non-users of different foods is advised for insight into the average intake and the usual intake distribution. For the presentation of the data, parameters of interest are mean, median, quartiles, P5 and P95.
